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Certain animals in a colony of hairless dogs (Mexican 
Hairless x Beagle) display the clinical features of acne 
vulgaris, including both open and "closed" comedones, 
mili~, pustules, and abcesses. In order to compare the 
canine disease with human acne, lipids from the various 
types of noninflamed lesions and from the skin surface 
were analyzed by thin-layer (TLC) and gas-liquid (GLC) 
chromatography. 
TLC of total nonhydrolyzed lipid from comedones and 
milia gave similar patterns, with free sterol, ceramides, 
and free fatty acids comprising the bulk of the material 
and sterol esters and wax diesters as minor components. 
Skin surface samples contained mainly sterol esters and 
wax diesters, with smaller amounts of free sterol and 
only trace amounts of ceramides. GLC analysis of total 
hydrolyzed fatty acids from comedones showed similar 
patterns for the various lesion types, with 22 to 26 carbon 
acids comprising 55-65% of the total; these acids com-
prised only 19% of the total hydrolyzed skin surface 
sa{Ilples. Analyses by argentation TLC and GLC/mass 
spectrometry showed the lesional lipids contained sig-
nificant amounts of a-hydroxy-16:0, 16:1, 18:1 and 18:2, 
but only trace amounts of these appeared in the surface 
lipid. Fatty acid analysis of individual lipid classes show 
that the long chain. saturated fatty acids occur predom-
inantly in the free fatty acid and polar lipid fractions and 
not in the wax diester or sterol ester fractions . 
Since wax diesters and sterol esters are products of 
sebaceous gland lipid synthesis, whereas free sterols, 
fatty acids, and ceramides are characteristic epidermal 
lipids, the data indicate that the lipids obtained from the 
acne lesions of dogs are primarily epidermal in origin 
and that sebaceous gland contribution is minimal in 
plugged follicles. 
Numerous studies [lJ have compared the lipid composition 
of sebum obtained from human acne patients and normal 
subjects. Such analyses have failed to demonstrate any con-
sistent changes in the amounts of various lipid classes, although 
much has been made of the hydrolysis of triglycerides to free 
fatty acids which are both inflammatory [2J and comedogenic 
[3]. Squalene, which occurs in high concentration in human 
sebum [4J has also been shown to be weakly comedogenic [3]. 
While the lipid composition of the human skin surface fIlm has 
been thoroughly investigated, there are fewer studies of the 
lipid components of comedonal material, although relative in-
creases in sterol [5] and free fatty acid levels [6J have been 
reported. Knutson [7] has sugges~d that the lipids of acne 
lesions may show very little sebaceous gland contribution and 
are primarily the products of the follicular epithelium undergo-
ing abnormal keratinization. 
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Views concerning the relationship of lipids, and sebum in 
particular, to the pathogenesis of acne are based strongly on 
the uniqueness of human sebum and the belief that acne is a 
peculiarly human disease. Nevertheless, an acne-like disease 
does occur in other aninlals, notably dogs and cats [8J, and an 
acne condition, with extensive comedo formation, has been 
studied and described in hairless dogs [9]. Yankell, Schwartz-
man and Resnick [10] developed a laboratory colony of Mexican 
Hairless dogs, and together with a brief description of the 
clinical condition, showed that the canine acne condition re-
sponded to retinoic acid, benzoyl peroxide, and salicylic acid 
[11]. 
We have recently developed our own colony of haidess dogs, 
some of which have spontaneously developed skin lesions re-
sembling open and closed comedones, milia, papules, and oc-
casionally pustules. We are currently investigating the canine 
disease from a variety of aspects in the hope that similarities 
and differences with the human disease may shed light on the 
pathogenesis of acne. In this paper we report the results of lipid 
analyses of val'ious types of noninflamed lesions in comparison 
with the skin surface lipids. 
MATERIALS AND METHODS 
Comedo Collection, Classification, and Lipid Extraction 
Contents from individual follicles were obtained by exer ting manual 
pressure on folds of skin including the follicles of interest and using 'a 
pair of fine forceps to exert more localized pressure a bout individual 
follicles. Where necessary, a sterile hypodermic needle was used to 
lance the intact surface epithelium in order to allow extrusion of the 
follicular contents. 
The collected material was divided into 4 types as follows: (1) hard 
open comedones-clearly visible at the surface with exposed diameters 
of 2: 2 mm, were coherent lamellated entities, not easily deformed, from 
which microscopic squash preparations could be made only after sec-
tioning with a scalpel. (2) Soft open comedones-were apparently more 
hydrated than (1) and, hence, more readily deformed than (1) with 
pressure. The nonexposed surface appeared gray rather than black. 
The ent ity was entirely encapsulated with coherent lamellae of stratum 
corneum. (3) Closed comedones-consisted of strings of soft , mushy 
material extruded from follicles with clearly patent surface openings. 
Lamellae of keratinizing cells occurred only at the follicular opening; 
the vast bulk of the material consisted of individual or clustered 
squames suspended in a mixture oflipid and water. (4) Milia-contained 
material similar to (3) above, but no fo llicular opening could be observed 
even upon close inspection or microscopic examination of seria l sections 
from biopsies. Contents could be extruded only by incising the overlying 
epi thelium. 
The lesional matter (==30 mgs) was extracted s-Y"ourinding in a hand 
homogenizer with 3 rnl of chloroform/ methanol 2:1 v/ v. The residue 
was pelleted by centrifugation and reextracted by homogenization with 
chloroform/ methanol 1:2 vi vo The residue was again pelle ted and the 
2 supernatants combined and filtered through sintered glass. The 
dissolved lipid extracts were evaporated to ciJ-yness and weighed. The 
nonextractable keratin residue was lyophilyzed to dryness and weighed. 
. Prior to fUlther analysis by gas-liquid (GLC) or thin- layer chroma-
tography (TLC), certain extracts, as designated in the text, were washed 
by the procedure of Bligh and Dyer (12). In all other cases, the dried 
lipid residues were analyzed directly to avoid possible loss of water 
soluble polar lipids. 
Fa.tty Acid Preparation and Analysis 
Aliquots of sUl"face and comedonal lipids, or fractions eluted from 
TLC plates were saponified. The fatty acids were separated from the 
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TABLE I. Total lipid extractable material and insoluble residue from various types of dog lesion material" 
% Lipid extractable % Insoluble residue Av. ratio of % loss on Sample' lipid to drying' 2 3 Av. 2 3 Av. residue 
Hard open comedo 34.8 29.9 33.1 32.6 42.8 38.8 44.0 41.9 0.78 25.5 
II Soft open comedo 19.4 21.4 21.1 20.6 26.1 27.3 27.5 27.0 0.76 52.4 
III Closed comedo 14.9 14.2 18.2 15.8 18.6 14.6 17.5 16.9 0.93 67.3 
IV Milium 8.5 10.4 . 8.3 9.1 7.5 4.7 8.1 6.8 1.34 84.1 
" Expressed as percent of fresh, wet weight. 
b Each sample represents several pooled comedones of the specified type. 
c Fresh weight-(lipi4 and insoluble residue). 
A B c D E F 
FIG 1. Thin-layer chromatographic separation of total extractable 
lipid material of acne lesions and skin surface of a hairless dog. The 
lanes, from left to right are: (A) hard open comedones, (B) closed 
comedones, (C) soft open comedones, (D) milia, (E) skin surface lipid 
ether extract, and (F) standards (cholesterol, palmitic acid, tripalmitin, 
cholesterol ester and squalene in ascending order). The compounds 
migrating between tripalmitin and cholesterol ester are the diesters. 
Two hundred micrograms of extract were applied to each lane (A-E), 
and the plate was developed in System I and visualized as described in 
"Materials and Methods." 
mixture, converted to methyl esters and analyzed by GLC and com-
bined GLC-mass spectroscopy. 
Thin ·Layer Chromatography 
Total lipid extracts and appropriate lipid standards were fractionated 
on silica gel GF thin-layer chromatography plates using one of 2 
systems; System I consists of successive development with hexane:ethyl 
ether:acetic acid (80:20:1, to 9 cm), hexane:ethyl ether (95:5, to top) and 
hexane (to top). System II consists of successive development with 
chloroform:methanol:isopropylamine:ammonium hydroxide (65:35:0.5: 
5.0, to 8 cm), hexane:ethyl ether:acetic acid (30:70:1, to 12 cm) and 
hexane (to top). The spots were visualized by charring with potassium 
dichromate/sulfuric acid reagent or by spraying with 2,7 dichloroflu-
orescein if they were to be elu ted and analyzed further by GLC. 
Argentation TLC of fatty acid methyl esters was performed by the 
method of Wood and Snyder [13]. 
T he present of phosphoLipids was tested by the method of Dittmer 
and Lester [14], while glycolipids were visualized using the diphenyla-
mine and orcinol spray reagents. 
RESULTS 
Lipid Extractable Components of Skin Lesions and Surface 
The relative amounts of unwashed lipid extractable and 
nonextractable hard keratin material composing the 4 types of 
comedones exhibi ted considerable differences (Table I) . The 
various pooled samples, hard open comedones t hrough milia, 
sh owed decreasing yields of recoverable material, and the dif-
ference was assumed to be due to loss of water llPon evaporation 
of the solvents. Although loss of volatile lipids cannot be ex-
clUded, the trend of increasing water content is in the antici-
pated direction, and milia, which gave the . lowest yield of 
material, showed a significantly increased lipid to residue ratio 
(Table I). 
TABLE II. Distrib;ttion of total lipid extractable material from dog 
comedones into Bligh and Dyer lipid and nonlipid phases" 
Type of lesion 
Hard plus soft open comedones 
Closed comedones plus milia 
% of Total lipid extractable dry 
weight 
Lower lipid 
phase 
43.8 
47.1 
36.9 
51.6 
Upper nonlipid 
phase 
56.2 
52.9 
63.1 
48.4 
" Data obtained from 2 pooled samples of each comedo type. 
A B c D E F G 
FIG 2. Thin-layer chromatographic separation of lesional and sur-
face lipid extracts freed from nonlipid contaminants by the Bligh and 
Dyer procedure. The lanes from left to right are: (A) and (C) hard plus 
soft comedones; (B) and (D) closed comedones plus milia; (E) and (F) 
surface lipid ether extracts and (G) standards (palmitic acid, ceramides, 
cholesterol and cholesterol ester in ascending order). The compounds 
migrating between cholesterol and cholesterol ester include the diesters. 
Two hundred micrograms. of extract were applied to each lane (A-F) 
and the plate was developed in System II and visualized as described 
in "Materials and Methods." 
Initial TLC separations of unwashed lipid extractable mate-
rial had shown all 4 types of dog lesions to yield 'nearly identical 
lipid patterns (Fig I), with the only difference being that hard 
and soft open comedones appeared to contain slightly greater 
amounts of wax diesters and sterol esters than did closed 
comedones or milia. Total lipid extracts from all types oflesions, 
however, contained far lesser amounts of wax diesters and sterol 
esters and far greater amounts of polar lipids and free sterols 
than did surface lipid extracts. 
Two separate groups of pooled comedones, consisting of hard 
plus soft open comedones and closed comedones plus milia, 
were extracted for total lipid. The dried lipid extractable ma-
terial was partitioned between Bligh and Dyer [12] upper 
(nonlipid) and lower (lipid) phases. Although both phases were 
found to contain substantial amounts of material (Table II) , the 
upper phase contained large amounts of free amino acids and 
only negligible quantities of saponifiable lipids (data not pre-
sented). 
Washed comedonal and surface lipid extracts (lower phase) 
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were examined by TLC to tentatively identify the polar lipid 
components. Results [Fig 2] show a heavy band in comedo lipid 
which migrates with ceramides, while only a trace of this 
material appears in the surface lipid. The lipid bands, more 
polar than cholesterol, give negative tests for phospholipids and 
tests for glycolipid are inconclusive. 
Fatty Acids of Comedo and Surface Lipid 
The total lipid extract from 3 pooled samples of each lesion 
type was saponified and the fatty acid methyl esters prepared 
for analysis with GLC. Three separate collections of the surface 
lipid were likewise saponified and the fatty acids of the surface 
lipids were compared to those of the various types of come-
dones. Both the comedonal and surface lipids contained a 
similar series of straight and branched chain fatty acids (Table 
ill). The only dienoic acid identified was linoleic, while lX-
hydroxypalmitic acid was the only hydroxy acid detected. The 
fatty acid composition of the 4 types of comedones were very 
similar. Fatty acids of C-24 through C-26 comprised 40 to 50% 
of total acids in all 4 groups of comedones, but only 4% of the 
surface lipid fatty acids. The major fatty acid components of 
surface lipid are C 16:0, C 20:0B + 18:2 and C 21:0B. 
Single samples of total fatty acids derived from surface and 
come donal lipid were separated via degree of unsaturation with 
argentation thin-layer chromatography (Table IV). In all cases 
investigated where saturated and unsaturated acids combined 
to form a single GLC peak appearing in both comedonal and 
surface lipid fatty acids, the unsaturated component was either 
greatly reduced or eliminated in the surface lipid sample. The 
GLC peak representing lX-hydroxy-16:0 and C 21:0 is missing 
from surface lipid samples. 
Localization of Fatty Acids within Complex Lipids 
A total lipid extract from comedonal material was fraction· 
ated by thin-layer chromatography to determine whether the 
fatty acids of;;: C-24 were found within all classes of nonhydro-
lyzed lipid or confined to a specific fraction. The results (Table 
V) show the long chain fatty acids are specifically found in the 
polan lipid fraction, which remains on the origin after TLC in 
System I and in the free fatty acids. The long chain acids are 
almost totally absent in the wax diester and sterol ester frac-
tions. 
DISCUSSION 
It has previously been shown that the skin swface lipids of 
normal haired dogs differs significantly from human sebum 
[15,16]. Sterol esters, wax diesters, and free sterols compose 
approximately 80% of the normal dog surface lipid [16] with 
free fatty acids being present in only minor amounts, and 
squalene being undetectable [17]. In contrast, triglycerides to-
gether with free fatty acids constitute nearly 60% of human 
sebum [18]; squalene and wax mono esters are also major com-
ponents, whereas sterols and sterol esters are present in only 
minor amounts. 
Preliminary comparison of the skin surface lipids of hairless 
dogs with hair lipids of normal dogs within our colony showed 
complete identity with respect to lipid classes and their relative 
TABLE IV. Relative amounts of saturated, unsaturated or hydroxy 
fatty acids identified in hairless dog skin surface and comedonal 
lipids" 
GLC peak of Percentage of GLC peak contrib· 
mixed com· Components uted by each fatty acid component 
ponents Comedo Surface 
17:0B 70.0 99+ 
16:1 30.0 tr 
II 19:0B 41.6 99+ 
18:1 58.4 1.0 
III 20:0B 61.6 99+ 
18:2 38.4 tr 
IV a-OH·16:0 59.1 
21:0 40.9 
" Fatty acid component amounts estimated by GLC analysis of 
components separated by argentation thin layer chromatography. Fatty 
acids were obtained from a batch of pooled hard and soft comedones. 
TABLE III. Fatty acids found in the lesion and surface lipid of a hairless dog. n 
Percent Composition 
Fatty acid Hard open comedones Closed comedones Soft open comedones Milia Surface 
14:0B b .18 ± .06 .20 ± .05 .19 ± .08 .15 ± .02 .52 ± .01 
14:0 1.01 ± .03 .78 ± .07 .76 ± .22 .97 ± .19 1.19 ± .06 
15:0B 2.08 ± .28 1.17±.31 1.25 ± .27 1.46 ± .34 4.24 ± .33 
15:0 .81 ± .05 .99 ± .03 .95 ± .12 1.20 ± .14 1.06 ± .07 
16:0B .61 ± .16 .57 ± .15 .47 ± .03 .63 ± .07 1.66 ± .09 
16:0 7.30 ± .86 4.49 ± .71 4.61 ± .58 5.83 ± .76 13.76 ± .66 
17:0B + 16:1 1.90 ± .12 1.71 ± .20 ~ 1.77 ± .11 2.87 ± .18 4.55 ± .41 
17:0 .48 ± .15 .42 ± .01 .41 ± .10 .44 ± .12 .81 ± .18 
18:0B .41 ± .18 .20 ± .02 .24 ± .06 .42 ± .06 .81 ± .05 
18:0 4.87 ± .46 4.63 ± .24 5.17 ± .72 5.33 ± .36 2.99 ± .21 
18:1 + 19:0B 4.47 ± .03 4.32 ± .07 4.26 ± .23 8.65 ± .35 8.63 ± .35 
19:0 .67 ± .08 .58 ± .07 .70 ± .06 .69 ±.11 .90 ± .29 
20:0B + 18:2 5.47 ± .23 4.46 ± .55 4.14 ± .34 6.27 ± .60 13.84 ± .22 
20:0 3.71 ± .08 3.75 ± .17 3.77 ± .26 3.34 ± .17 4.91 ± .23 
21:0B 4.67 ± 1.1 2.69 ± 1.02 2.70 ± .76 3.30 ± 1.32 19.19 ± .35 
a-OH·16:0 + 21:0 4.81 ± .51 5.06 ± .60 6.10 ± .28 5.07 ± .82 
22:0B 4.20 ±.42 3.49 ± .33 3.87° 2.65 ± .06 6.36 ± .30 
22:0 5.80 ± .15 6.70 ± .28 6.69 ± .66 5.02 ± .53 2.61 ± .19 
23:0B 2.67 ± .64 3.21 ± .18 1.89±.75 1.55 ± .27 5.83 ± .29 
23:0 3.30 ± .22 4.50 ± .60 3.98 ± .75 2.45 ± .26 
24:0B trd tr tr tr tr 
24:0 24.01 ± 1.66 28.61 ± 1.90 28.10 ± .98 24.39 ± 2.8 1.56 ± .18 
25:0B 2.41 ± .21 
25:0 5.24 ± .35 6.35 ± .77 6.29 ± .48 7.22 ± 1.5 tr 
26:0 11.29 ± .72 13.78 ± 1.23 14.89 ± 1.91 12.24 ± 2.25 tr 
a Numbers represent the mean ± SE of 3 separate preparations from each type of comedonal material or surface lipid extract. The relative 
contributions of 2 or more fatty acids eluting under the same GLC peak were not determined for each sample. Therefore, the contribution of 
these mixtures to the total fatty acid sample was calculated as a single component. 
b B indicates probable branched chain fatty acid. 
e Computed from analysis of a single sample. 
d Tr signifies a trace amount too small to quantitate while a dash signifies absence. 
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TABLE V. Fatty acids from fractions of dog comedo lipids. 
Percent composition 
Futtyacid Polar FFA Wax Sterol lipid diesters esters 
14:0B" trC .16 .84 tr 
14:0 1.74 1.04 2.34 1.47 
15:0B 1.44 1.62 6.25 5.79 
15:0 1.10 1.10 2.47 1.81 
16:0B .64 1.02 4.01 1.65 
16:0 4.52 13.05 30.52 8.61 
16:1 + 17:0B 1.47 2.58 8.89 4.51 
17:0 .49 .81 1.87 1.28 
18:0B .08 .29 1.00 3.42 
18:0 4.60 9.04 2.91 5.04 
18:1 + 19:0B 2.53 9.25 5.35 27.53 
19:0 .49 .62 .20 tr 
20:0B + 18:2 2.80 4.90 13.11 13.76 
20:0 3.11 3.55 2.47 3.50 
21:0B .75 3.16 13.11 10.23 
cx-OH-16:0 + 21;0 8.75 2.43 2.88 4.74 
+ 22:0Bb 
22:0 5.36 5.57 tr · 2.14 
23:0B tr 1.35 1.77 4.51 
23:0 3.26 3.45 
24:0 31.02 25.99 tr 
25:0 6.91 3.35 
26:0 18.93 5.67 
" B indicates probable branched acid. 
/, Alpha-hydroxypalmitic acid C21:0 and 22:0B were not sufficiently 
resolved to determine separately and are calculated as the sum of one 
peak. 
e Tr signifies a trace amount not quantifiable, while a dash signifies 
absence. 
amounts as determined by TLC. Ongoing GLC analyses of the 
total surface hydrolyzable fatty acids show considerable varia-
tions between dogs, but as yet no trends which would distin-
guish hairless dogs with or without acne from normal haired 
dogs. 
This !?tudy of the lipids of the various types of lesions and 
the skin surface of hairless dogs with acne was undertaken in 
order to provide a comparison with similar studies in man 
which have been reported [5,6], and in the hope of identifying 
substances which might be unique to the lesion. 
With respect to the various types of lesion, both TLC analysis 
of lipid classes and GLC analyses of the total fatty acids show 
that there are no significant differences in the lipids in spite of 
the dissimilar gross and microscopic morphologies and water 
content. There are, however, dramatic differences between the 
lipids of the lesions and those collected from the skin surface. 
Skin surface samples were collected from areas relatively free 
from acne lesions but rich in unplugged follicles and are pre-
sumed to represent sebaceous gland excretion. The preponder-
ance of wax diesters and sterol esters together with minor 
amounts of free sterol is consistent with the composition of dog 
sebum reported by others [15,16]. In contrast, the material from 
lesions contains very little of the wax or sterol esters, but 
contains large amounts of free sterols (23-33%), cerarnides 
(:::30%) and more polar material (:::30%) with varying amounts 
of free fatty acids (up to 10%). 
With respect to the constituent fatty acids, the lesions show 
a dramatic shift toward long chain lengths, particularly C-24 
and C-26, which are barely detectable in the surface lipid 
samples (Table III). The unsaturated fatty acids and a-hydro x-
ypalmitic acid were present in significant amounts in the lesions 
but were virtually absent in the surfRce samples (Table IV). 
The acids of longer chain length are associated with the polar 
material and free fatty acids (Ta ble V), and we assume that the 
. . 
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unsaturated acids are also associated with these fractions. This 
would be consistent with the recent findings that epidermal 
ceramides contain long chain saturated acids as well as unsat-
urated acids [19]. 
The lipids of stratum corneum in mouse, pig and man have 
been reported to consist of free sterols, fatty acids and cerarnides 
or glycosphingolipids [19,20]. The high levels of these materials 
in the lesions, together with low levels of wax diesters and sterol 
esters «10% by TLC estimation) indicates that the bulk of the 
material is of epidermal rather than sebaceous origin. These 
findings are consistent with those of Nicolaides et al [6], who 
showed that human comedones contained lowered amounts of 
wax esters and triglycerides (sebaceous origin) and significantly 
increased amounts of free sterols, fatty acids and unidentified 
polar lipids. While it is generally assumed that the free fatty 
acids of human comedones arise py lipolysis of sebum triglyc-
erides, keratinizing cells may contribute significant amounts in 
comedones. The relatively small sebaceous contribution to the 
lipids of mature acne lesions in the dog is consistent with the 
observations that sebaceous glands atrophy and dedifferentiate 
at an early stage in lesion formation and that the keratinizing 
cells of the follicular epithelium show abnormal lipid accumu-
lations. 
We thank Ian Massey and Lewis Lightman for their assistance in 
the analysis of fatty acid methyl esters with GLC-mass spectroscopy. 
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